Background {#Sec1}
==========

Lumbar spinal stenosis is a common bone disease in the elderly and currently recognized by the North American Spine Society as "a clinical syndrome of the buttock or lower extremity pain, which may occur with or without back pain, associated with diminished space available for the neural and vascular elements in the lumbar spine" \[[@CR1]\]. There are many causes of lumbar spinal stenosis, which can be divided into congenital and acquired. The latter is secondary to hypertrophy of soft tissue around the bone or (and) the intraspinal, and the thickness of ligamentum flavum (LF) plays a major role in the pathogenesis of lumbar spinal stenosis \[[@CR2]--[@CR4]\]. The LF covers the lateral and posterior walls of the spinal canal between the second cervical vertebra and the first sacral vertebra. It is composed of connective tissues and is thought to play an important role in establishing the internal stability of the spine, controlling intervertebral movement and maintaining a smooth surface of the posterior dural sac \[[@CR5]\]. Thickening or hypertrophy of the LF to a certain extent can also lead to spinal stenosis, and further compression of the intraspinal nerve root or cauda equina, even in the absence of articular process hyperplasia or nucleus pulposus prolapse still can cause the corresponding neural symptoms. At the same time, due to the aging population in China, the incidence of lumbar spinal stenosis has increased significantly, seriously affects the quality of life of patients \[[@CR6], [@CR7]\]. It often causes pain in the low back and legs, difficulty in walking, paruria, and even paraplegia \[[@CR8]\]. Early patients are usually treated conservatively with NSAIDs, physical therapy, epidural injections, lifestyle improvements, and comprehensive rehabilitation \[[@CR9], [@CR10]\], and patients who fail to respond to conservative treatment should be treated with surgery \[[@CR11], [@CR12]\]. Traditional surgical methods include laminectomy, hemilaminectomy, and lumbar interbody fusion, which focus on complete decompression with significant results. However, the above operative methods may affect the stability of the spine; meanwhile, extensive trauma, postoperative infection, poor wound healing, internal fixation loosening or breakage, and other operative complications all make the application of this technology, especially for elderly patients, still have some certain limitations \[[@CR13]\]. In recent years, the surgical treatment for lumbar spinal stenosis in the elderly tends to be minimally invasive. It has obtained a good clinical result with the development of microsurgery and minimally invasive spine surgery technique. The concept of percutaneous endoscopic lumbar decompression was first proposed by Kambin in 1973 \[[@CR14]\], and this kind of technology has gradually matured after continuous improvement of the YESS technique and TESSYS technique. On the one hand, this kind of surgery is performed through the interlaminar space or intervertebral foramen, without damaging paravertebral muscles or ligaments or affecting the stability of the spine \[[@CR15]\]. On the other hand, the skin incisions are small, and the trauma to the patient is little. Besides, percutaneous endoscopic surgery does not affect rescue therapy after surgical failure. There are many studies on the curative effect analysis of spinal endoscopy in the treatment of lumbar spinal stenosis at present, but no studies aiming at lumbar spinal stenosis secondary to LF hypertrophy. This study aims to explore the efficacy and safety of percutaneous endoscopy in the treatment of lumbar spinal stenosis secondary to LF hypertrophy; thus, for the application of this technique in this kind of diseases provides a reference.

Materials and methods {#Sec2}
=====================

Ethics statement {#Sec3}
----------------

This retrospective study was approved by the Ethics Committee of The Affiliated Hospital of Hangzhou Normal University, China. Written informed consent was obtained from all patients.

Subjects {#Sec4}
--------

From January 2016 to January 2018, a total of 40 patients with lumbar spinal stenosis secondary to LF hypertrophy admitted to The Affiliated Hospital of Hangzhou Normal University were enrolled in this retrospective study. They were divided into two groups, including the control group and the endoscopy group (interlaminar approach). The demographic features of the patients are shown in Table [1](#Tab1){ref-type="table"}. Table 1Comparison of patients' basic information between both groupsControl groupEndoscopy groupCase (*n*)2020Male (*n*)109Female (*n*)1011Age (year)65.65 ± 4.4467.30 ± 4.23Average disease duration4.55 ± 1.854.95 ± 2.04L4--5 (*n*)1314L5--S1 (*n*)76

Inclusion criteria: Patients with negative preoperative routine iodine allergy test;Failed conservative therapy of at least 3 months or symptom aggravation to the extent of being intolerable;The CT and MRI confirmed the lumbar spinal stenosis secondary to LF hypertrophy;Patients with radicular pain or intermittent claudication as the main symptom;Patients diagnosed with single segment lumbar spinal stenosis as the main symptoms (L4/5 or L5/S1) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Preoperative imaging examinations of a case. **a** Preoperative lumbar anteroposterior X-ray. **b** Preoperative T2-weighted lumbar spinal magnetic resonance image demonstrating spinal cord compression at level L4--5 (arrows)

Exclusion criteria: The imaging examination indicated the multiple stenoses or lateral recess stenosis;Patients with lumbar spondylolisthesis;Patients with lumbar scoliosis greater than 20^o^;Patients with posterior longitudinal ligament ossification or severe lumbar disc herniation;Patients with severe osteoporosis, spinal tuberculosis, spinal infection, various tumors, or other diseases.

Surgical methods {#Sec5}
----------------

### Traditional surgery {#Sec6}

First, the patients were in the prone position and under general anesthesia. C-arm X-ray was used to locate the lesion, and the incision length of the posterior median approach was 7\~15 cm with the lesion as the center. Second, the paravertebral muscles were stripped to both sides of the spinous process to fully expose the spinous process, vertebral lamina, and articular process of the lesion segment. Then, the pedicle screw was screwed in after the screw position, direction, and length were confirmed by C-arm X-ray; the spinous process and bilateral partial lamina of lesion segment were excised; the bilateral articular process was retained; and the hypertrophic LF was resected. Because all patients in the study had no significant lumbar disc herniation, none of them needed a fusion. Finally, wash the incision, place the negative pressure drainage tube inside the incision, and close the incision in turn.

### Percutaneous endoscopic technique {#Sec7}

After the successful general anesthesia, the patients were placed in a prone position to keep the abdomen vacant and to create sufficient expansion in the laminae interval space, and the puncture point (the target interlaminar space) was preliminarily located and marked according to the positive and lateral radiographs of the lumbar spine and landmark of body surface preoperatively. After that, the locating needle was inserted at the puncture point to the articular process, and the surgical segment was confirmed under posterior-anterior radiographs after a routine disinfection procedure. Then, a longitudinal incision of about 7 mm was made on the lateral side of the spinous process to break through the deep fascia, and the working cannula and trocar were rotated to the surface of the hypertrophic LF. Following this, the trocar was removed after a lateral perspective to determine the location of the cannula, and the endoscope was inserted through the working cannula until the interlaminar structures and hypertrophied LF were seen (Fig. [2](#Fig2){ref-type="fig"}). Then, under the assistance of the endoscope, a part of the vertebral lamina and articular process was properly removed with the variable high-speed power bone drill and vertebral rongeur to fully expose the hypertrophic LF. These hypertrophic LF would be gradually removed from the stop with the tissue forceps; meanwhile, be careful with the adhesion between the hypertrophic LF and the dura mater and nerves until most of the hypertrophic LF is removed. After that, use a nerve hook to release the fiber hyperplasia and inflammatory vessels on the surface of the dural sac and nerve root so that the nerve structure can be decompressed sufficiently. Subsequently, the basal part of the spinous process plasty was performed through the bone drill to the contralateral LF, and the hypertrophic LF was treated with the same method as above. No compression in the nerve root and good self-pulsation indicated the completion of decompression (Fig. [3](#Fig3){ref-type="fig"}). Finally, adequate hemostasis was achieved by radiofrequency coagulation, followed by removing the working cannula and suture the incision (Fig. [4](#Fig4){ref-type="fig"}). Fig. 2The localization of the working cannula. a, b Radiography showing the working cannula has successfully reached the operation area at the L4--5 levelsFig. 3Endoscopic views of the surgical procedure. a Part of the vertebral lamina and articular process was properly removed with the rongeur to fully expose the hypertrophic LF. b Ipsilateral decompression. c Hypertrophic LF is gradually removed with the tissue forceps. d Contralateral decompression (pentagrams mean nerve, arrow head means lamina, ∗ligamentum flavum)Fig. 4Postoperative wound and specimen. **a** Postoperative wound. **b** Ligamentum flavum tissue specimen is removed during surgery

Postoperative treatment and rehabilitation management {#Sec8}
-----------------------------------------------------

During the treatment, all patients received antibiotic prophylactic treatment and postoperative neurotrophic therapy. And patients in both groups were given non-steroidal anti-inflammatory drugs (NSAIDs) after surgery for postoperative early mobilization. On the second day after the surgery, the patients began to exercise with waist circumference, and strenuous exercise was not advocated, and besides, 1\~2 weeks for bed rest mainly, and to resume daily activities and normal work after 3\~4 weeks. Also, heavy physical activity, twisting, and lifting heavy objects were avoided 12 weeks after the treatment. Finally, the waist circumference should be worn when going out or getting up within 3 months after surgery; meanwhile, back muscle training should be performed to avoid lumbar muscle disuse.

Outcome measures {#Sec9}
----------------

MRI and CT were done on the second postoperative day after the surgery (Fig. [5](#Fig5){ref-type="fig"}). The surgical indicators, including operation time, the quantity of bleeding, and postoperative hospital stay were recorded in both groups. At 12 h, 24 h, 48 h, and 72 h after the operation, the incision pain felt by the patients was evaluated using the visual analog scale (VAS). Besides, 1 day before the operation and 1 week, 1 month, 3 months, 6 months, and 1 year after it, the leg pain of patients was evaluated using the VAS. Oswestry Disability Index (ODI) and the Japanese Orthopaedic Association (JOA) Score were recorded 1 day before the operation, 1 month, 3 months, 6 months, and 1 year after the operation. Fig. 5The preoperative and postoperative images of a case. **a**, **c** Preoperative CT (**a**) and MRI (**c**) images showing bilateral hypertrophic LF at the L4--5 level (arrows). **b**, **d** Postoperative CT (**b**) and MRI (**d**) images showing full bilateral posterior spinal canal decompression at the L4--5 level after the surgery

Statistical analysis {#Sec10}
--------------------

Data were analyzed by SPSS 23.0 statistical analysis software (IBM Corporation, New York, NY), and the measurement data are presented as $\documentclass[12pt]{minimal}
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                \begin{document}$$ \overline{X}\pm \mathbf{S} $$\end{document}$. The paired *t* test was used for self-matching groups. The difference between the two groups was compared by the independent sample *t* test. The chi-square test was performed for the qualitative data. Statistical significance was set at *p* value less than 0.05.

Results {#Sec11}
=======

Comparison of patients' basic information between both groups {#Sec12}
-------------------------------------------------------------

There were 9 males and 11 females in the control group; the age of patients was 65.65 ± 4.44 years, and the average disease duration was 4.55 ± 1.85 years. Besides, there were 10 males and 10 females in the endoscopy group; the age of patients was 67.30 ± 4.23 years, and the average disease duration was 4.95 ± 2.04 years. There was no significant difference between both groups on the patients' basic information (including age, gender, and disease duration) (*p* \> 0.05, Table [1](#Tab1){ref-type="table"}).

Comparison of surgical indicators between both groups {#Sec13}
-----------------------------------------------------

The operation time, the quantity of bleeding and postoperative hospital stay in the control group were 92.90 ± 15.46 min, 194.30 ± 28.61 ml, and 9.95 ± 1.96 days, respectively, and those in the endoscopy group were 59.95 ± 11.90 min, 13.55 ± 2.58 ml, and 5.15 ± 1.31 days, respectively. Compared with the control group, these surgical indicators were significantly lower (*p* \< 0.05, Table [2](#Tab2){ref-type="table"}). Table 2Comparison of surgical indicators between both groupsControl groupEndoscopy groupOperation time (min)92.90 ± 15.4659.95 ± 11.90^\*^the quantity of bleeding (ml)194.30 ± 28.6113.55 ± 2.58^\*^postoperative hospital stay(d)9.95 ± 1.965.15 ± 1.31^\*^Note: ^∗^*P* \< 0.05 compared with the control group

Comparison of incision VAS score between both groups {#Sec14}
----------------------------------------------------

The incision VAS score in the control group at 12 h, 24 h, 48 h, and 72 h after the operation were 8.10 ± 1.12, 7.50 ± 1.19, 5.85 ± 1.14, and 3.80 ± 1.28 points, respectively, and these in the endoscopy group were 4.25 ± 1.29, 3.80 ± 1.20, 2.85 ± 1.04, and 1.95 ± 1.05 points, respectively. It is not difficult to see that the incision VAS score in the endoscopy group was significantly lower than that in the control group at each time after surgery (*p* \< 0.05, Fig. [6](#Fig6){ref-type="fig"} (b)). Fig. 6Pre and postoperative various clinical scores. **a** Leg pain VAS score of two groups before the operation and at different time points postoperation. **b** Incision VAS score of two groups at different time points postoperation. **c** Lumbar ODI score of two groups before the operation and at different time points postoperation. **d** Lumbar JOA score of two groups before the operation and at different time points postoperation.(Note: ^**∗**^Compared with the control group, *p* \< 0.05)

Comparison of leg pain VAS score between both groups {#Sec15}
----------------------------------------------------

Before surgery, the leg pain score in the control group and endoscopy group was 8.05 ± 1.15 and 8.15 ± 1.18 points, respectively, with no significant difference between them (*p* \> 0.05). After surgery, the leg pain VAS score was gradually decreasing in both groups. Meanwhile, the leg pain VAS score in the control group on 1 week, 2 months, 3 months, 6 months, and 1 year after the operation were 4.25 ± 1.07, 3.85 ± 1.04, 3.30 ± 1.22, 2.90 ± 1.21, and 2.80 ± 1.20 points, respectively, and these in the endoscopy group were 3.05 ± 1.10, 2.05 ± 0.94, 2.00 ± 0.97, 1.9 ± 0.94, and 1.75 ± 1.21 points, respectively. Thus, the leg pain VAS score in the endoscopy group was significantly lower than that in the control group at each time after surgery (*p* \< 0.05, Fig. [6](#Fig6){ref-type="fig"} (a)).

Comparison of lumbar ODI and JOA score between both groups {#Sec16}
----------------------------------------------------------

Before surgery, no matter the lumbar ODI score or the lumbar JOA score, there are no significant differences between the control group and the endoscopy group (*p* \> 0.05). After surgery, on the one hand, the lumbar JOA score was gradually increasing in both groups; on the other hand, the lumbar ODI score was gradually decreasing in both groups. Also, the lumbar JOA score in the endoscopy group was significantly higher than that in the control group at each time after surgery, and the lumbar ODI score in the endoscopy group was significantly lower than that in the control group at each time after surgery (all *p* \< 0.05, Figs. [6](#Fig6){ref-type="fig"} (c) and (d)).

Complications {#Sec17}
-------------

There were no significant intraoperative or postoperative complications in both groups (including dural or neural injury, cerebrospinal fluid leakage, infection, bedsore). Follow-up at 1 year showed no recurrence, lumbar instability, or other symptoms in both groups.

Discussion {#Sec18}
==========

In recent years, with the improvement of medical conditions and living standards, there are more and more older adults, and the number of patients with LSS is also increasing gradually. LSS refers to various forms of the spinal canal, neural canal, and intervertebral foramen stenosis, which would compress the dural sac, spinal cord, or nerve root and result in the corresponding nerve dysfunction. Intermittent lameness is a typical symptom. According to the anatomical classification, LSS can be divided into the following three types: central type, foraminal type, and lateral recess type \[[@CR16]\]. Meanwhile, the vertebral canal can be divided into four walls: the anterior wall is the vertebral body, intervertebral disc, and posterior longitudinal ligament; the posterior wall is the vertebral lamina, articular process, and most of LF; and the bilateral walls are pedicle, intervertebral foramen, and part of LF. And the focus of this study is the patients with LSS secondary to hypertrophy of LF.

The LF is composed of a large number of elastic fibers, which are nearly vertical, starting at the lower edge of the upper vertebral arch and ending at the superior edge of the next vertebral arch. LF consists of both superficial and deep components. The superficial component of the LF inserts onto the superior edge, and the posterosuperior surface of the caudal lamina, and the deep LF inserts for a variable distance onto the anterosuperior surface of the caudal lamina \[[@CR17], [@CR18]\]. When the spine is tilted or bent, the LF extends and the tension increases; on the contrary, when the spine is in a neutral position, the LF contracts and normally does not form wrinkles. However, it can cause degeneration, hyperplasia, and hypertrophy of LF based on repeated indirect injury and chronic strain; then, the LF would squeeze the nerves and cause a local circulatory disturbance. Some studies had suggested that the degree of hypertrophy of LF is positively correlated with chronic low back pain, and it is difficult to relieve \[[@CR19]\]. In addition, LSS secondary to LF hypertrophy is common in the elderly, and most of them are located in L4/5 level \[[@CR20]--[@CR22]\], which is also consistent with the lesion segments of the patients in this study.

Conservative treatment is often the first choice for such patients, including bed rest, physiotherapy, traction, medication, and acupuncture \[[@CR23]--[@CR25]\]. The above treatments are symptomatic, but for elderly patients with LSS, the lesions are mostly caused by degeneration of the tissue around the nerve root and will not be cured by these treatments. At present, there is no enough evidence to recommend any particular type of non-operative treatment for LSS, and most conservative treatments are based on expert advice and treatment experience. Moreover, many studies also revealed that a variety of conservative treatments have limited effects and are prone to relapse \[[@CR26]--[@CR31]\]. Therefore, most patients who have failed to respond to conservative management will still choose surgery.

In the past few decades, lumbar interbody fusion has been considered as the standard procedure for the treatment of LSS. Still, the surgical trauma was great, accomplished by the destruction of bone, increasing the risk of postoperative intervertebral instability \[[@CR32]\]. Compared with minimally invasive surgery, patients with traditional open surgery showed a longer time of lying in bed, and the incidence of complications was significantly higher, such as pulmonary infection, symptomatic deep venous thrombosis, and urinary tract infection \[[@CR33], [@CR34]\]. More importantly, most of the patients were elderly patients; the above complications would have a greater negative impact. Besides, the normal biomechanics of the spine was changed after fusion, which always limited the movement of the surgical segment and increased the movement and load of the adjacent segment. Thus, this type of surgery often caused adjacent segment degeneration, including disc degeneration, spondylolisthesis, and adjacent vertebrae fracture \[[@CR35], [@CR36]\]. In the long run, such surgery often leads to the limitation of lumbar movement and even long-term low back pain due to the loss of the active segment of the patients \[[@CR37]\].

Nowadays, the expectation of elderly patients for surgical treatment is not only for relieving pain but also for quick postoperative recovery so that they can be able to return quickly to normal life. As a result, minimally invasive spine surgery techniques emerged as the times require \[[@CR38], [@CR39]\]. The initial indications of minimally invasive spine surgery were limited to lumbar disc herniation, and various types of LSS were contraindications at that time. However, after that, as surgical techniques and instruments improve, the operative indications have gradually extended, and LSS has become one of that. Ahn pointed out that different approaches should be used for different types of LSS: the interlaminar approach is suitable for central canal stenosis to be decompressed thoroughly, lateral recess stenosis can be operated by interlaminar or transforaminal approach, and transforaminal approach can be used for foraminal stenosis \[[@CR40]\]. In addition, several reports have shown that transforaminal approach is often used in LSS, while the interlaminar approach is used in this study for the following reasons: (1) in this study, these patients with LSS were mainly caused by the hypertrophy of LF, and most of the LF was located in the posterior wall of the vertebral canal, so the interlaminar approach was more suitable than the transforaminal approach to decompress the spinal canal; (2) most of the hypertrophy of ligamentum flavum is at the L4/5 level, the diseased segments of the patients in this study are at L4/5 or L5/S1, and the operation of the transforaminal approach is more difficult because of the influence of the iliac crest; (3) the anatomy of interlaminar approach is closer to that of open surgery, which is more convenient for operations and reduces the risk of inadvertent iatrogenic injury.

Compared with traditional surgery, the advantages of spinal endoscopy are as follows: (a) in the process of resecting the ligamentum flavum, only 1 \~ 2 mm of the upper and lower lamina was removed to maintain spinal stability \[[@CR41], [@CR42]\]. What is more, in this study, a unilateral approach with bilateral decompression was adopted to better maintain the overall stability and provide advantages to the patient in postoperative rehabilitation. It is not difficult to see that patients in the endoscopy group have significantly better scores after surgery, including VAS, ODI, and JOA score; (b) we had an accurate positioning during the surgery so that we could have a definite object in view and make decompression more effective; and (c) the operative vision was presented on the screen and magnified to several times. Therefore, the nerve would be exposed more clearly for more accurate decompression. (d) The minimally invasive surgery could effectively reduce local scar tissue, thereby reducing the probability of iatrogenic LSS occurrence after the operation \[[@CR43]\]. (e) The continuous perfusion of normal saline during the operation, on the one hand, is that the water pressure could play the role of local hemostasis and reduce the bleeding volume during the operation effectively; on the other hand, it also played an important role in ensuring a clear field of vision in the process of operation, thus improving the efficiency of operation and reducing the time of operation. It is clear from this study that the endoscopy group was lower than the control group, whether the operation time or the quantity of bleeding.

Although there were no obvious complications in both groups of patients in this study, it did not mean that percutaneous endoscopic decompression would not lead to the occurrence of various complications, such as dural rupture, subdural hematoma, nerve root injury, infection, and other complications all might happen \[[@CR44], [@CR45]\]. According to this research, our experience of achieving better surgical outcomes and effectively guarding against related complications could be concluded as follows. Because the operating space of minimally invasive surgery was relatively small, the operation plan should be made carefully before operation according to the patient's medical history, symptoms, physical examination, and various imaging data to ensure the same therapeutic effect as open surgery. Besides that, the incision location was identified by the relative position of the hypertrophic LF and the adjacent vertebral lamina and articular process to avoid unnecessary bone and soft tissue injury. Except for the adequate preoperative preparation, the limited operative space also suggested that we need to operate meticulously, stop the bleeding timely, and keep the clear operative field, especially in the process of stripping the nerve root or dural sac from the surrounding tissue. Moreover, the process of entering the working cannula should be done in a step-by-step manner. More specifically, before the contralateral decompression, we should ensure that the ipsilateral decompression is completed and the operative field is clear, then tilt the cannula as far as possible, properly remove the basal part of the spinous process so that the cannula can enter the contralateral spinal canal, and continue contralateral decompression, and attention should also be paid to the protection of the ipsilateral nerve and dural sac during contralateral decompression. Another phase that requires caution is adequate decompression; it requires us to actively deal with other pathological changes that cause LSS such as herniated or free disc and the osteophyte formation of the articulated facet when we remove the hypertrophic LF during the operation. Lastly, the original intention of minimally invasive surgery is safe, effective, less bed rest time, and quick recovery, which is in line with the concept of enhanced recovery after surgery (ERAS). Therefore, we gave all patients NSAIDs for analgesia and encouraged patients to get out of bed and walk at the bedside on the first postoperative day, which was not only conducive to postoperative recovery but also helped to reduce the occurrence of postoperative complications.

Despite these promising results, questions remain. First, this study was a retrospective study, and the number of patients in this study was small. Secondly, the follow-up time of this study is not long enough, and the long-term effect remains to be observed. Therefore, larger, prospective, randomized controlled studies with longer treatment periods are our next-step research direction to confirm the results.

Conclusion {#Sec19}
==========

This retrospective study shows that percutaneous endoscopic technique can be used for the treatment of lumbar spinal stenosis secondary to ligamentum flavum hypertrophy. Furthermore, the operation method has a significant short-term effect and has the advantages of small trauma, quick recovery, safe, and effective.

LSS

:   Lumbar spinal stenosis

LF

:   Ligamentum flavum
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